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Abstract. In 1979 a working group on neutron radiography was 
formed at Euratom. The purpose of this group is the standard-
ization of neutron radiographic methods in the field of nuclear 
fuel. 
Activities of this Neutron Radiography Working Group are revised. 
Classification of defects revealed by neutron radiography is 
illustrated in a special atlas. Beam purity and sensitivity 
indicators are tested together with a special calibration fuel 
pin. 
All the Euratom neutron radiography centers will perform com-
parative neutron radiography with those items. The measuring 
results obtained, using various measuring apparatus, will form 
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the basis to formulate conclusions about the best measuring 
methods and instruments to be used in that field. 
Besides the atlas of neutron radiographic findings in light 
water reactor fuel, the Euratom Neutron Radiography Working Group 
has published a neutron radiography handbook in which the neutron 
radiography installations in the European Community are also 
described. 
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1. INTRODIK HON 
Neutron radiography is a well-established technique within 
non-destructive testing control. One of the areas in vjhich neu-
tron radiography is mainly used is the pre- and especially 
post-irradiation control of nuclear fuel elements. 
In other fields on industrial radiography (X-ray or gamma-
radiography) standard methods and procedures are used to con-
trol the quality of the radiographic image. Standard rsference 
radiographs showing typical defects revealed by radiography 
are also used. 
It was also felt that similar standardization is needed in 
the field of neutron radiography of nuclear fuel elements. 
Therefore, in May 1979 a Neutron Radiography Working Group 
was constituted within Euratom. The group has chosen the 
following four fields as having the first priority: 
Image quality of neutron radiographs (specification of 
quality levels and methods of testing it). 
Recommended practices for neutron radiographic testing 
(procedures that will assure adequate quality). 
Classification of defects revealed by neutron radiography 
(the basis for assessing the results of neutron radio-
graphic testing). 
Methods and equipment for accurately measuring dimensions 
irom neutron radiographs. 
During the first year of activity of the Working Group a 
classification of defects revealed by neutron radiography was 
proposed, and an atlas of defects: "Neutron radiographic find-
ing in light water reactor fuel", was produced (T|. 
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For the sake of testing the radiographic image quality and 
accuracy of dimension measurements from neutron radiographs, 
special calibration fuel pins, beam purity, and sensitivity 
indicators were designed and produced and they will be tested 
under a special program. 
Recommended practices for neutron radiography have been 
drafted, and work on establishing suitable terminology is in 
progress. 
A "Neutron Radiography Handbook" was published in 1981 in 
which the neutron radiography facili+ in the European 
Community are also described [b]. 
Progress of work obtained after four consecutive yearly 
meetings of the Euratom Working Group will be reported. 
II. DEFECTS REVEALED BY NEUTRON RADIOGRAPHY 
From neutron radiographs made routinely at Rise National 
Laboratory for the quality and performance control of nuclear 
fuel, radiographs showing typical defects in nuclear fuel were 
chosen. 
The defects were classified according to their location, 
nature and origin. 
Figure 1 shows all the components of a fuel pin where defects, 
detectable by neutron radiography, can occur. 
On figure 1 fuel pin components are subdivided into elements 
where defects may occur. 
Defects which may occur in different elements of the fuel pins 
can be of different nature and origin. They are listed at the 
top of figure 1. 
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Fig. 1. Fuel pin components and defects occurring in then. 
It is also possible to measure dimensions from neutron radio-
graphs. Therefore the last three columns at the top of the 
figure 1 list those dimensions. 
A collection of reference neutron radiographs illustrating 
the defects shown on figure 1 was published as an atlas: 
"Neutron radiographic findings in light water reactor fuel", 
in which 36 neutron radiographs are produced on film (in 
original size) and on paper (twice enlarged). QTj. 
In its intended to enlarge the collection with further examp-
les of defects occurring in nuclear fuel. 
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III. RADIOGRAPHIC IMAGE QUALITY 
For the sake of testing the radiographic image quality and 
accuracy of dimension measurements from neutron radiographs 
of reactor fuel, the NRWG has decided to produce and test 
special indicators developed for that purpose. 
In the preliminary investigation it was determined that there 
are no suitable indicators prescribed in the existing stand-
ards of neutron radiography. The only published standard in 
that field J5j t the ASTM E 545-75, was prepared for general 
neutron radiography and is now published in a revised version 
QG-
Taking into account the work done on this revision as well 
as different proposals made by the NRWG members, it was 
decided to produce the following indicators for neutron radio-
graphy of nuclear fuel: 
Beam Purity Indicator BPI 
Beam Purity Indicator Fuel BPI-F 
Sensitivity Indicator SI 
Calibration Fuel Pin CFP-E1 
Those indicators, fabricated at Risø National Laboratory, were 
distributed among all NRWG participants and are now tested 
under a special NRWG Test Program jj41. The design of above-
mentioned indicators is described below. 
- 9 -
IV. BEAM PURITY INDICATORS 
4.1. Beam purity indicator BPI 
The neutron beam and image system parameters that contribute 
to film exposure and thereby affect overall image quality can 
be assessed by the use of Beam Purity indicators. 
Following the experience gained during the use of the BPI pre-
scribed by the first ASTM standard on neutron radiography 
Qfj a new BPI design was developed, which is recommended by 
the revised ASTM standard ["31 . 
This design, shown on Fig. 2 was adopted by the NRWG, and is 
tested under its Test Program f4]. 
Densitometric measurements of the image of the device permit 
quantitative determination of radiographic contrast, low 
energy gamma contribution, pair production contribution, image 
unsharpness, and information regarding film and processing 
quality, (see appendix 1) 
4.2. Beam purity indicator-fuel BPI-F 
For controlling the neutron beam components in nuclear fuel 
radiography the NRWG has developed a special Beam Purity 
Indicator-Fuel, which is a modification of the ASTM BPI. (see 
Fig. 3). 
From measurements of film densities under different parts of 
the BPI-F, and background density, different neutron 
beam components can be calculated, (see appendix 2) 
The cadmium wire or rods included in each beam purity 
indicator are used to provide an indication of inherent beam 
resolution or sharpness. 
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Fig. 2. Beam purity indicator Fig. 3. Beam purity indicator 
BPI. fuel BPI-F. 
V. SENSITIVITY INDICATOR 
Instead of the former four types of ASTN Sensitivity indica-
tors Ff\ one new type of SI was developed by the ASTM f5\. 
It is shown in figure 4. 
This sensitivity indicator basically combines a hole gauge 
and gap gauge into a small single device. 
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Fig. 4. Sensitivity indicator SI. 
VI. CALIBRATION FUEL PIN 
As Mentioned in QFJ and Qfl: "It is recognised that the only 
truly valid sensitivity indicator is Material or component, 
equivalent to the part being neutron radiographed, with a 
known standard discontinuity (reference standard comparison 
part)". 
Such a "reference standard comparison part" for nuclear fuel 
pin is the calibration fuel pin CFP-El. It is shown on 
Fig. 5. 
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Fig. 5. Calibration fuel pin, CFP-E1. 
VII. TEST PROGRAM FOR IMAGE QUALITY AND ACCURACY OF DIMENSIONS 
Already at its first meeting in 1979 the NRWG recognized the 
necessity of testing image quality indicators in search of 
adequate quality standards for neutron radiography of nuclear 
fuel. The only existing indicators at that time were the ASTM 
pf| indicators and a preliminary test program was elaborated 
at Risø. In view of the forth-coming revision of the ASTM 
standard,this program has been revised, too. Following the 
discussions between the members of the NRWG and after two con-
sentive meetings of the NRWG (in 1980 and 1981) a final test 
program has been developed and adapted for execution P£l • 
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For that program beam purity and sensitivity indicators as 
well as a calibration fuel pin were fabricated at Risø on 
behalf of Euratom. They were described above. All those test 
items were sent to all 10 NRWG members and are tested accord-
ing to the program described below. 
7.1. Detection systems 
During the investigation two detection systems will be used. 
One consisting of metal conversion screen and silver halide 
film and the other of the nitrocellulose film coated on both 
sides with a conversion screen (or a nitrocellulose film and 
two separate conversion screens). 
7.2. Exposure technique 
The calibration fuel pin CFP-El will be radiographed together 
with all the three indicators: BPI, BPI-F and SI. 
For the purpose of determining image quality on silver halide 
films the background density closest to the area of interest 
shall be about 2.0 
Exposures to neutrons shall thus be chosen accordingly, to 
reach this density. 
The densities reached on nitrocellulose film depend not only 
on the exposure to neutrons but also on the etching con-
ditions. The nitrocellulose films shall be etched in a 10% 
(2.5N) solution of analytical grade sodium hydroxide. During 
a common investigation performed by the research laboratories 
of Kodak-Pathé and by Risø it was found that best results are 
reached while etching the films for 45 mln at 50°C (Kodak) 
and for 21 h at 20°C (Risø). 
It is common practice to copy neutron radiographs taken on 
nitrocellulose film into high contrast graphic film. Thus the 
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assessment of neutron radiographs is much easier. For that 
purpose the Kodak Kodalith graphic film was normally used. 
This, however, produces a negative copy of the nitrocellulose 
original and from such a copy the BPI's cannot be evaluated. 
Therefore it is better to make the copy from a nitrocellulose 
film on a Kodak SO-015 Duplication film, which superseeds the 
Kodatone film and gives a positive copy, suitable to direct 
evaluation. 
7.3. Test program 
The best conditions for a direct comparison of test results 
can be reached when all the films exposed to neutrons will 
be processed at one facility (preferably at the same time) 
using the same processing conditions. Therefore it was agreed 
that at each neutron radiography facility, participating in 
the program, two sets of each neutron radiograph will be pro-
duced: one to be processed at that facility (using their 
routine procedure) and one to be sent to Risø for processing 
(by a standard processing procedure). 
7.4.Assessment of test results 
Different values retrieved from neutron radiographs of the 
BPI, BPI-F, SI and CFP-E1 shall be assessed separately. 
By measuring film densities (of the silver halide film) under 
different parts of the BPI or BPI-F, different values of 
neutron exposure contributions can be determined. 
Besides the above mentioned density measurements and cal-
culations from the radiographs of the BPI and BPI-F one shall 
further visually compare the images of the cadmium rods or 
bars in the beam purity indicator. An obvious difference in 
image sharpness indicates an L/D ratio which is probably too 
low for general inspection. Detailed analysis of the rod 
images is possible using a scanning microdensitometer. 
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When examining the neutron radiographs of the SI one shall 
visually inspect the image of the cast acrylic resin steps 
and note all the holes visible to the observer. Then one shall 
take the largest consecutive value that is visible in the 
image. 
The cast acrylic resin steps, shown on the left side of the 
SI are separated by aluminium spacers with different thick-
ness. 
During the visual examination of the neutron radiograph of 
the SI one shall report the smallest gap which can be seen 
at all absorber thicknesses. 
From neutron radiographs of the CFP-E1 both axial as well as 
radial dimensions can be read. The results of those measure-
ments shall be compared with the true dimensions as given in 
the CFP-E1 certificate. 
VIII. NEUTRON RADIOGRAPHY HANDBOOK 
In December 1981 Euratom has published a "Neutron Radiography 
Handbook" Q>J. In the handbook, compiled by NRWG members, 
following subjects are treated: 
1) Principles and practice of neutron radiography. 
2) Recommended practice for neutron radiography of nuclear 
fuel. 
3) NRWG indicators for testing of beam purity, sentivlty, 
and accuracy of dimensions of neutron radiographs, 
4) Atlas (compact version) of defects revealed by neutron 
radiography in light water reactor fuel. 
5) Neutron radiography installations in the European 
Community. Tables and figures. 
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IX. CONCLUSIONS 
One of the purposes of the NRWG test program is to determine 
the usefulness of all the indicators in neutron radiography 
of nuclear fuel taken both on silver hal ide as well as on 
nitrocellulose film. 
Following the completion of the test program conclusions will 
be drawn about the adequacy of using of the particular 
indicators as quality standards for neutron radiography of 
nuclear fuel. 
It will also be possible to draw conclusions on the best 
methods and instruments to be used for accurately measuring 
the dimensions of nuclear fuel components from neutron radio-
graphs. 
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APPENDIX 1 
NEUTRON EXPOSURE CONTRIBUTIONS 
from film densities under 
BEAM £URITY INDICATOR - BPI 
Theraal neutron content 
c m
 Dcenter of hole" 0 * * — * PBH+ *Ppb) x 
center of hole 
Scattered neutron content 
ADBN 
S = p x 100 
center of hole 
Effective oawwa content 
D - lowest D_. 
Y = jr* ^ - x 100 
center of hole 
Pair production content 
— K B
 x 1 0 0 
100 
center of hole 
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APPENDIX 2 
NEUTRON EXPOSURE CONTRIBUTIONS 
from film densities under 
BEAM PURITY INDICATOR-FUEL BPI-F 
Thermal neutron content 
center of hole" upper Cd 
TN = x 100 
D 
center of hole 
Epithermal neutron content 
upper Cd ~ upper BN 
EN = x 100 
center of hole 
Scattered neutron content 
upper BN~ lower BN 
SN = x 100 
center of hole 
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